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1 Introduction
The Rel-16 work item on additional enhancements for NB-IoT was approved at RAN#80 and revised at RAN#81 and RAN#82 [1]. One of the objectives in this work item is to introduce signalling to indicate presence of NRS on a non-anchor carrier for paging.
	Improved multi-carrier operation:
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4]


The topic was discussed in RAN1#94bis, RAN1#95 and RAN1#96. The following agreements were made:
	RAN1#94
Agreement (confirmed by Friday)

The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by broadcast signalling.

· Above applies only for non-anchor carriers

Agreement (confirmed by Friday)

For the objective on presence of NRS on a non-anchor carrier for paging, consider the following use case:

· Early termination of NPDCCH / WUS

Above is not intended to restrict the study of other use cases in other WGs which may or may not have RAN1 specification impact.
RAN1#94bis

Agreement

The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.
Agreement
Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.

· FFS: Whether PO is from UE perspective or NW perspective

Agreement
A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

FFS: Details of the subset, whether it depends on some existing parameters such as DRX cycle or new parameters by configuration

FFS: Whether the subset can be the whole set of POs by configuration
RAN1#95

Agreement

RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:

· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

Agreement

In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:

· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space

· FFS value(s) of N, M

Agreement 

The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.
RAN1#96
Agreement

For the issue of NRS presence for NPDCCH early termination when NWUS is enabled, down-select among:

· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination

· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 

· Alt4: NRS is always associated with NPDCCH for paging

For further study in future meetings:

RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.
Agreement

The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed at least with the following principles:

· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.

· FFS: the case for eDRX

· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.

· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)

· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.

· P4: The POs with NRS are quasi-uniformly/uniformly distributed from network perspective.

NOTE: It was already agreed in previous meetings that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

Further study details of decimation pattern until RAN1#96bis.




Initial discussions took place at RAN2#104 focusing on the use case of enabling RRM measurements on the non-anchor carrier with the following conclusion:

	RAN2#104 agreements:
· RAN2 further study how to support the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.


In this document we discuss using the NRS presence on non anchor carrier for the purpose of RRM measurements.
2 Discussion
2.1 Benefits of performing RRM measurements on non-anchor carrier

When the UE performs measurements on anchor carrier and monitor paging on non-anchor carrier, it needs to continuously switch between anchor and non-anchor carriers which adds to the time where the UE is awake and to the power consumption. 

If the UE can perform the RRM measurements on non-anchor carrier, it will avoid having to switch between anchor and non-anchor carrier. If the UE can perform the RRM measurements at the same time as monitoring the paging occasion (or WUS), then the power consumption is greatly reduced.

Observation 1: If the UE can perform the RRM measurements at the same time as monitoring the PO / WUS, there is a big gain in power consumption.
2.2 How to perform RRM measurements on non-anchor

In NB-IoT, when configured in connected mode with a non-anchor carrier, the UE performs NRSRP measurements on the non-anchor carrier and adjusts the result using the parameter nrs-poweroffset e.g. when comparing the measured NRSRP with the broadcast RSRP thresholds when performing a random access procedure. 
Observation 2: In connected mode, the NB-IoT UE performs NRSRP measurements on the non-anchor carrier and adjusts the result using parameter nrs-poweroffset.
We assume that the same approach can be used for NRSRP measurements in idle mode at the condition that there are enough NRS transmissions for the UE to measure NRSRP once every DRX cycle with a spacing of at least DRX/2.

RAN1 has agreed that that the subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO. However, they have not decided whether the PO was from UE perspective or NW perspective. As per observation 1, for the information to be beneficial for UE power consumption, the NRS should be present around the time the UE wakes up to monitor the PO/WUS occasion, i.e. in a few tens of milliseconds, e.g. 20 ms. before. 
Observation 3: To be beneficial at the UE, the NRS should be present around the time of the UE PO/WUS occasion, i.e. in a few tens of milliseconds, e.g. 20ms, before.
RAN1 has agreed that in each of the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination, NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space. FFS value(s) of N, M

Proposal 1: Ask RAN4 for input on how many NRS samples are needed for the UE to perform accurate NRSRP measurements.
In order to check the cell suitability, the UE shall also check the NRSRQ measurement of the serving cell. 
Proposal 2: Ask RAN4 to confirm that NRSRQ can be performed on the non-anchor carrier with the same assumption on NRS transmission as in proposal 1.
Proposal 3: Ask RAN4 whether it is possible to define a parameter similar to nrs-PowerOffsetNonAnchor to translate NRSRQ measurements for the non-anchor carrier to equivalent NRSRQ measurements for the anchor carrier and whether this offset would need to be carrier specific.
2.3 When to perform RRM measurements on non-anchor carrier

The UE will always benefit in performing measurements on the paging carrier when this can be done while monitoring WUS or NPDDCH for paging. So, ideally, we should not add any restriction to allowing it unless RAN4 has some concern. 

Proposal 4: Ask RAN4 whether there should be restrictions in allowing the UE to perform serving cell measurements solely on the non-anchor paging carrier. 
For the actual measurements, it does not make any difference whether WUS is used or not. In the case UE supports WUS and WUS is enabled, the UE can still perform the measurements on the non-anchor carrier every DRX. Then, this could be further optimised if the cell measurement relaxation introduced for WUS in Rel-15 could be applied when the measurements are performed on the non-anchor carrier.
Proposal 5: Ask RAN4 whether the serving cell measurement relaxation introduced in Rel-15 for WUS can also be applied when the UE performs serving cell measurements on the non-anchor carrier.
3 Conclusion
In this document, we have discussed some aspects of RRM measurements on non-anchor carrier when NRS is present even when there is no paging. We have made the following observations and proposals.  

Observation 1: If the UE can perform the RRM measurements at the same time as monitoring the PO / WUS, there is a big gain in power consumption.

Observation 2: In connected mode, the NB-IoT UE performs NRSRP measurements on the non-anchor carrier and adjust the result using parameter nrs-poweroffset.

Observation 3: To be beneficial at the UE, the NRS should be present around the time of the UE PO/WUS occasion, i.e. in a few tens of milliseconds, e.g. 20ms, before.

Proposal 1: Ask RAN4 for input on how many NRS samples are needed for the UE to perform accurate NRSRP measurements.
Proposal 2: Ask RAN4 to confirm that NRSRQ can be performed on the non-anchor carrier with the same assumption on NRS transmission as in proposal 1.

Proposal 3: Ask RAN4 whether it is possible to define a parameter similar to nrs-PowerOffsetNonAnchor to translate NRSRQ measurements for the non-anchor carrier to equivalent NRSRQ measurements for the anchor carrier and whether this offset would need to be carrier specific.
Proposal 4: Ask RAN4 whether there should be restrictions in allowing the UE to perform serving cell measurements solely on the non-anchor paging carrier. 

Proposal 5: Ask RAN4 whether the serving cell measurement relaxation introduced in Rel-15 for WUS can also be applied when the UE performs serving cell measurements on the non-anchor carrier.

We propose to send a LS to RAN4 with the questions above and wait for their feedback. 

We have prepared a draft LS in [2].
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